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ATTORNEY DOCKET MO: 00108/104001 

VSTROGENT f IMPOUNDS 
fig RNTI-MT TQfTr AGENTS . / . • . 

p^Voround the Invention, 
This invention relates to treating disease states 
characterized by abnormal cell mitosis. 

Cell mitosis is a multi-step process that includes 
cell division and replication (Alberts, B. et al. In The 
Cell PP. 652-661 (1989); Stryer, E. Biochemistry (1988)). 
Mitosis is characterized by the intracellular movement and 
segregation of organelles, including mitotic spindles and 
chromosomes. Organelle movement and segregation are 
facilitated by the polymerization of the cell protein 
tubulin. Microtubules are formed from a and fi tubulin 
polymerization and the hydrolysis of GTP. Microtubule 
formation is important for cell mitosis, cell locomotion, 
and the movement of highly specialized cell structures such 

as cilia and flagella. 

Microtubules are extremely labile structures that 
are sensitive to a variety of chemically unrelated anti- 
mitotic drugs. For example, colchicine and nocadazole are 
anti-mitotic drugs that bind tubulin and inhibit tubulin 
polymerization (Stryer, E. Biochemistry (1988)). When used 
alone or in combination with other therapeutic drugs, 
colchicine may be used to treat cancer (WO-9303729-A 
published March 4, 1993; J03240726-A, published October 28, 
1 9 ~91) " alter neuromuscular function, change blood pressure, 
increase sensitivity to compounds affecting sympathetic 
neuron function, depress respiration, and relieve gout 
(Physician's Desk Reference, Vol. 47, p. 1487, (1993)). 

Estradiol and estradiol metabolites such as 2- 
a ethoxyestradiol have been reported to inhibit cell division 
(Seegers, J.C. et al. J. Steroid Biochein. 32, 797-809 
( (198 9); Ottering, M-L. et al. Cancer Res. 52, 5926-5923 



(1992); spicer, I.. J. and Hammond, J.M. Hoi. and cell. Bn^o. 
64 119-126 (1989) ; Rao, P.H. and Engelberg, J. Z*P- Cell 
2's 48, 71-81 (1967)), However, the activity is variable 
and'depends on a number of in vitro conditions. For 
example, estradiol inhibits cell division and tubulin 
poZer^ation in some in vitro settings (Spicer, L.J. and 
Cond, ,.„. Hoi. and Cell. *ndo. 64, 119-126 (1989 ; 
Kavindra, R., ». Indian Sci. 64(c) <»»» ' f^*,,. 
others (Lettering, H-L. et al. -Cancer Pes. 52, 5926 5923 
°^92, ; Ravindra, R. , J. Xnaltn Sci. 64(c) (198 » . 
Estradiol metabolites such as 2-methoxyestradiol will 
inhibit cell division in selected in vitro settings 
pending on whether the cell culture additive phenol red is 
present and to what extent cells have been exposed to 
Ltrogen. (seegers, ,.c. et al. Joint 
Biology and Therapy of Breast Cancer. 9/25-9/27, 1989, 

Ge " 0a ' r^rdtrse" «e characterised by abnormal cell 
mitosis For example, uncontrolled cell mitosis is a 

of cancer, xn addition, cell mitosis is important 
for the normal development of the embryo, formation of the 
corpus luteum, wound healing, inflammatory and immune 
Testes, angiogenesis and angiogenesis related diseases. 

aii parv Tnvcntlpn 

I have discovered that certain compounds within the 
scope of the general formulae set forth below in the claims 
are useful for treating mammalian diseases characterized by 
undesired cell mitosis. Without wishing to bind myself to 
any particular theory, such compounds generally inhibit 
microtuble formation and tubulin polymerization and/or 
depolymerization. Compounds within the general 
havinVsaid inhibiting activity are preferred. Preferred 
compositions may also exhibit a change (increase or^ 
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transport (e.g. through bio deoteased toxicity.- I 

TJSZZ* general = £ ^ ^ able 

A -^ZZISFZZZ. but is not limited 
cell mitosis, as defxned endo thelial cells 

to excessive or abnormal ^ tmor meta stasis 

<••«- atherOS ° I^ple! ne.angio.as, acoustic neurons. ) 
benign tumors. «* S*^ ' p ic ^ an „lomas, vascular 
-neurofibromas, trachomas, awMW 9 ^ and 

^functions, abnormal wound healmg, inf arthri tis, 
i-une 0U»—. Bechet's disease, gout or ^ jr^^ 
abnormal angiogenesis •f"W"^ thMr ocu lar angiogenic 
psoriasis, <~"— 
di seases such « ^»^ r . t ^. eor neal graft reaction, 
fibroplasia), macular g drome . Other 

avascular «rZ^ZXZ* P™~~ 

undesired angiog.nesxs invoi Accordingly, the 

Elation and ~ OVUlati ° n 

compositions f—^^^ or to bloc * menstruation 
and jmplantation of a blastuia 

(induce amenorrhea). qj . in 

1116 b °lXc-- C bond is the unit HC-CH. 
, combina^w^th ^ and advantages ^J^SZ - 
be apparent fro- the following descrxptxon of pref 

r TIsTgrlph* SrST- — of 

tub ulin P^er" ^nly ,-methoxyestradiol described by 
Example 1 below. _ 



Fig 2 is a graph illustrating the inhibition of 
colchicine binding to tubulin by 2-methoxyestradibl 
described by Example 2 below. 

Fig. 3 depicts: I. colchicine, 2 -metho*yestradiol 
and combretastatin A-4, and II. various estradiol 
derivatives comprising colchicine (a-c) or combretastatin 
A -4 (d) structural motifs as described below. . 

r „,H B tccorHnrr to the Tnventjop. 

aTalscribed below, compounds that are useful in 

,,-cordance with the invention include novel estradiol 
derives that bind tubulin, inhibit microtubule formats 
« "Libit anti-mitotic properties. Specific compounds 
acceding to the invention are described below. Those 
billed I the art will appreciate that the invents _ 
emends to other compounds within the *°-^lven ^ 
claims below, having the described characteristics. These 
characteristics can be determined for each test compound 
using the assays detailed below and elsewhere in the 
literature. 

Without wishing to bind myself to specific 
mechanisms or theory, it appears that certain ^ 
are known to inhibit microtubule formation, bind tubulin and 
exhibit anti-mitotic properties such as co chicine and 
combretastatin A-4 share certain structural «"^"»» 
with estradiol. Fig. 3 illustrates the molecular formulae 
of estradiol, colchicine, combretastatin A-4, and improved 
estradiol derivatives that bind tubulin inhibit m crotubule 
assembly and exhibit anti-mitotic properties, molecular 
f erulae are drawn and oriented to emphasize structural 
similarities between the ring structures of colchi°i«e, 
combretastatin A-4, estradiol, and certain estradiol 
derivatives. Estradiol derivatives are made by 



incorporate colchicine or ^"^^J*^™^ 
7 • the steroidal backbone of estradiol. 

* ig • and combretastatin A-4. 

colchicine, ^ e ^ derivatives that 

FigUre se'str^t" - "ound in colchicine or 

T s ti T- - For example, part I! a-= shows 
co^bretastatxn ^ 4. fi ^ fr£>m 

estradiol derivatives oolchi cine and part Hd 

six to seven carbons as found in c 

. t „fliol derivative with a partial B ring as 
depicts an e f"^ n "_ 4 . Eaoh c ring of an estradiol 
found in coi^retastatin . , , Bay b e fully 

derivative, including £££^TV. «P«sent a 
saturated as found in 2 methoxye 

subset of the substitution groups found m the cl 
SL can independently be defined as - Rl , 0R 1( -OCOR,, 
- SRl ! -T. -Br. -I. or -C=CH. 

^^^^e U evaluated in ^» 

inhibit the pro! . s tne cnic1c eB bryo 

(angiogenesis) . A suitab 1 y Crum et 

chorioallantoic ^ran c^., -ay ^ ^ ^ 

^ 0 c£ assay! Briefly, fertile chic* embryos are 

methylcellulose ai eDbr yos are examined 48 hours 

chorioallantoic -e^rane Theory ^ ^ 

later and, if a clear ^ ^ Beasured . 

3 Mtty ™ r»^ *is k of the estradiol derivative 
using this assay. a 1 g ^ m& ^ 

g;:rrrrod w :isseis « -~. - r - 
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indicates that the antimitotic action of 2-methoxyestradiol 
can inhibit cell mitosis and angiogenesis . 
mil j nil-nti- "-""'tv Tn vitr o. 

2mSJJ ^I^^Tc activity :an be evaluated by testing 
the abiUty of an estradiol derivative to inhibit tubulin 

• »nd microtubule assembly an vitro, 

^ri^ris -lowed in a Cilford fording 

~*~rZZ^JZ£T> = : m^ure Call 
electronxc temperature ^ ^ 

:::::r s rrr n -diu. giuta^e ^ «.«>. ^.^ 

^hulin 1 0 mKMgCl,, 4* <v/v, dimethylsulfoxide and 20- 
^of'a composition to be tested. The 0.24.1 
litres are incubated for 15 mi«. at 37-C and then chilled 
" A fter addition of 10,1 2.5mM GTP. the reaction 
:Uu I is "ansferred to a cuvette at 0-C. and a basely 
rJlished. Xt time ,ero the ^^^^ 

t^t^^^- - -rr ively - 

Jlttion of microtubule assembly can be followed by 
^ssion electron microscopy as described in -ample 2 
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below. 
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invention can be used to treat any disease 
characterized by abnormal cell ptosis. 

inoi t;.Tc:ri S Te r^s.^^- 

SJ^S: benign tumors, for ^ple.^omas, 

granulomas, vas °^" aisorders , Bechet's disease, gout or 
inflammatory and immune aisoraer=>, 
Lutv arthritis, abnormal angiogenesis accompanying, 
rh^toirartnritis, psoriasis, diabetic retinopathy, and 
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<~ diseases such as retinopathy of 
^^^SSL^-W. -acular degeneration. 

rrr;« f t section, - ° st ~ 

Webber syndrome. ' v 

The one (1976); Oppolzer, 

described <Eder, V. et a - _ *~10 ^ ^ 

D . A . and Roberts. seven _ Bembered rings in multi- 

Synthetic methods for makxng seven > 

cyclic compounds are Known (Nafcamuru T et al ^ 

SX ,»«), Van Tame - - - - 58i3 (i981)) . Those 
(1961 , ; Evans D E e & ^ ^ chemloal 

^is^Is^ol can be modified to include^ ,-membere d 
r -s bv ^^^T^: —relred rings. 

include appropriate chemical * IndeX( llth 

aflffiiniS ^mpositions described above can be provided as 

■,-.„ a cce D table formulations using known 
physiologxcally oan be ministered by 

techniques, and COBb inations .ay be 

standard routes. general * pare nteral 
administered by the topical, oral, rectal or p _ 
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intravenous, subcutaneous or intramuscular) route. 
(C ' 9 ;;ition the conations -ay be incorporated into 
in addition, the c sustained release, the 

biodegradable P 01 ^"^"^ vicinity of where delivery 
polymers being Ranted in the V a ^ ^ 

is desired, for example, at the s in de tail 

biodegradable ^J^ ^Z^ 

ln ^he d o'sC of\he composition will depend on the 

Ttie aos<iy particular derivative used, and 

condition being treated ^"^^ eonaition of the 
other -inical ^ ^^Ztion of the compound.. 
pat ient ^^ stration to humans, a dosage of 0.01 

r:r:Xia;: is generaiiy 

SUf f '^The' formulations include those suitable for oral 
rectal, nasal, topical (including buccal and subungual,, 
or oarenteral (including subcutaneous, 

i„tratracheal, and £ ^n untt dosage 

*^niations may conveniently be preset 

formulations m v conventional pharmaceutical 

££T ^chliguL include the st , bringing 

. 4->ic» active ingredient and the 

into associa ;-^ he ^ or e 9 xoipient( s) . In general, the 

" "-"'^JtrSlt mention suitable for 

0 rai jssr « - i-~ h - ss , r t " sut * 

as capsules, cachets « ^^SS'.: a powder 



Uguid or a non-agueous liguid; or as ax, oil-in-water liguid 
Lesion or a vater-in-oil emulsion and as a bolus, etc. 

A tablet Bay be made by compression or molding, 
optionally with one or more accessory ingredients. 

5 compressed tablets may be prepared by compressing, in a 
suitable machine, the active ingredient in a 
"rm such as a powder or granules, optionally * 
Lnder, lubricant, inert diluent, preservative, surface- 
active or dispersing agent. Molded tables may be made by 
TZna in a suitable machine, a mixture of the powdered 

10 Tom oi; ^tened with an inert liquid diluent The ; 
tablets may optionally coated or scored and »- 
formulated so as to provide a slow or controlled release 

15 ^ ^T^S « topical administration in 
the mouth include lozenges comprising the ingredients in a 
flavored basis, usually sucrose and acacia or tragacanth, 
flavored o ' ti ingredient in an inert basis 

nastilles comprising the active myi. 

such as gelatin and glycerin, or sucrose and acacia; and 
20 mouthwashes comprising the ingredient to be administered m 

3 Sai ^:^JT^ - topical administration to 
the sxin may be presented as ointments, C ~» S < ^ S 
pastes comprising the ingredient to be *^ S tereii» * 
2S pharmaceutical acceptable carrier. A preferred topica! 
delivery system is a transdermal patch containing the 
ingredient to be administered. 

' regulations for rectal administration may be . 

presented as a suppository with a suitable base comprising. 
30 for example, cocoa butter or a salicylate. 

rotations suitable for nasal administration, 
«herein the carrier is a solid, include a coarse powder 
having a particle size, for example, in the range of 20 to 
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500 „ u - j^^-r^ria 

snuff is taken, x.e by rapid i ^ ^ ^ ^ ^ 

passage from a contal ^,°' ^ein the carrier is a 
nose, suitable formulations wher nasal spray or 

liquid, for administration, as for examp . ^ ^ 

as nasal drops, include aqueous or oily 

active ingredient. vaain al administration may 

Formulations suitable for vaginal Mste s, 
„„, riM tampons, creams, gels, pastes, 

be presented ~££^ oZ*^ in aMiti0n *° ^ 
foams or spray formulat in the art 

active ingredient such as carriers as 

to be appropriate. parenteral administration 

Formulations suitable fo J solutions 
include aqueous and non-aqueous sterile ^ ana 

W hich may r^^X^^^ ^ ~ ^ 

solutes vhich render the form non -aqueous 
of the intended recipient, suspending agents and 

st erile suspensions ^^Ls -ay be presented in 
thickening agents The * ^ exaBple> s ealed 

unit-dose or multi dose freeZ e-dried 
ampules and vials, and may be sto addition o£ the 

-deferred unit *-^SS^^^ 
containing < -daily £ thereof, of the 

:0 above recited, or an w 

administered ingredient. aa aition to the 

It should be understood that in a f orIIlulat ions 

ingredients, particularly mentioned above, for»_ 



• * 



of this invention may include other agents convention in the 

Living regard to the type of formulation in question, 
£ e^pLI Lse suitable for oral administration may 
include flavoring agents. 

™^igure l illustrates the inhibition of tubulin 

T^or-ization by 2-methoxyestradiol. 
POl ^ Srl A Eacn reaction mixture (all concentrations refer 

i motion volume of 0.25 ml) contained 1.0 M 
to the final reaction vol tubulin, 
Bonosodium glutamate ( P H 6.6), 1.0 mg/mx i » 

X.OmMMGCl,, 4% (v/v, «^ Mtm "'^*^J {mv . 

^ la uM (curve 2), 40 tM (curve 3), or 75 (curve 
(curve 1), 20 (curv U ^ 

4} 2-methoxyestradiol. Tne u.^* »«-- r 
„ / miti at 37°C and chilled on ice. After 

incubated for 15 mm at 3/ ^ a . were 

addition of 10 ,1 of 2 . S - « react 

^ ^"rJl lli-" controller «as ^ 
established, vertical dashed 

.. „.r At the times indicated by tne vemo 
set at 37°C. At trie indicated 
lines the temperature controller was set at 

temperatures.^ Q , „ BOnosodiun 

glutamate' ( P H 6.6), 1.2 mg,»l (12 ,H> tubulin 4% (v/v) 

incubated for i» . m <vtures were 

addition of X0„1 of 10 m OTP the reaction^ « 
Inferred to cuvettes held at O'C, and baselines were 

rushed «* time zero the temperatuxe controller was 
ITI Tc. « the time indicated by vertical dashed line 
the temperature controller was set at O'C. 
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^^ansmission electron microscopy (TEM) can show 
differences between the «W« of polymerized tubulm 
£o rmed in the absence or presence of — ^ 
After a 30 min incubation (37-C) of "actxon matures 
Lamina the components describee in Example 1, 75 |tM 2 

Si "as added, and T-th a o1*°(w" " 

^ ^ „ nrlTlpr arids and stained wxth 0.5% (w/v; 

^-U- fences in tubulin morphology. 

SS3BEl£ ^ g ure 2 illustrates that 2-»ethoxyestradiol _ 
inhibits colchicine binding to tubulin Beaction — 
were as described in the text, with each reaction mixture 
containing 1.0 tubulin, 5% (v/v, dimethyl sulfox.de, 5 ,H 
r3 H icolchicine, and inhibitor at the indicated 
concentfations'. Incubation was for 10 min at 37-C Symbo s 
L follows: o, 2 -methoxyestradiol; combretastatin A-4, 
dihvdrocombretastatin A-4. combretastatin A-4 and 
dihyorLombretastatin A-4 are compounds with anti-m^c 
activity similar to colchicine. 

T?v am ple 4 ; 

^"able illustrates the inhibitory effects on 

tubulin polymerStion in vitro exhibited by estradiol or 
estradiol derivative^, plant anti-mitotic compounds such as 
co^nicine, combretas^WA-4 or other plant compounds . 
The method is given in Exa^le 1. 

E£SfflEl ^ble 2 listVestrogens, estradiol or estradiol 
derivatives that inhibXcolchicine binding to tubulm, by 
the method given in Exampie 3. 
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Table 

BQfrnaan ^ Compound 
2-Methoxyestradiol 
Diethylstilbestrol 
5 2-Bromoestradiol 
2 -Methoxyestrone 
17-Ethynylestradiol 
2-Fluoroestradiol 
Estradiol 

10 Estrone 

2-Methoxy-17-ethynylestradiol 

Estriol 

2-Methoxyestriol 
Estradiol-3-0-methyl ether 
15 2 -Methoxyestradiol-3-0-methyl ether 

4-Methoxyestradiol 
4-Methoxyestradiol-3-0-methyl ether 

plant- - pt-odUCtS 

20 Colchicine 

Podophyllo toxin 
Combretastatin A-4 
Dihydrocombretastatin A-4 
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to- 0 fiM ± S.D.I 
1.9 ± 0.2 

2.4 ± 0.4 

4.5 ± 0.6 
8.8 + 1 
10.0 + 2- 
27.0 ± 6 
30.0 ± 6 

> 40 

> 40 

> 40 

> 40 

> 40 

> 40 

> 40 

> 40 
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Tc 0 values are defined as the concentration of an estradiol 
derivative required to inhibit tubulin polymerization by 
50% 'ic 50 values were obtained in at least two independent 
experiments for non-inhibitory agents <IC 50 > 40 pM) and at 
least three independent experiments for inhibitory 
compounds. IC So values were obtained graphically, and 
average values are presented. S.D., standard deviation. 
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Table 

82 ± 2 
57 ± 6 

50 ± 7 ; 

38 ± 4 
30 ± 4 



gcfroaer^ fnmpound 
2-Methoxyestradiol 
2 -Methoxyes trone 
17 -Ethynylestradiol 

Estradiol 
Diethylstilbestrol 



Reaction conditions were described in Example 3, , «th each 
taction mixture containing l.o M« tubulin, 5* (v/v, 
dimethyl sulfoxide, 2 ('^colchicine, and 100 - 
inhibitor, incubation was for 10 min at 37-C .veraae 
values obtained in three independent experiments are 
Resented in the table, except for 2 -methoxyestro„e, vh.ch 
was only examined twice. S.D., standard deviation. 
What is claimed is: 



